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in t h e  f i s h  was m u c h  hig h e r  than that reported from othe� 
M a l a y sian  c o a s t a l  w a t e r s . T h e  dis s o l v e d  c o p p e r , l e a d  
a n d  z in c  c o n c e n t r a tio n s  w e r e  c omp a r a b l e  t o  t h a t  o f  
u np o l l u t e d  e s t u a rie s  b u t  t h e  c o n c e n t r a t i o n s  o f  c o p p e r , 
l e a d  a n d  z in c  in t h e  w a t  e r  w er e  m u c h  higher T h e  c o p p er ,  
l e a d  a n d  z in c  c o n t e n t s  in f i s h  w e r e  b e l ow t h e  maximum 
p e r mis s ib l e  l ev e l s a l l o w e d  in f o o d . Dis t in c t  re l a tio n-
s hip s b e tw e e n  t h e  h e avy m e t a l  c o n t en t s  a n d  w eig h t s  o f  
f i s h  w e r e  o b s e r v e d . 
(x) 
1 INTRODUCTION 
Estuaries are important features of coastal eco­
system and act as transitional zones between fresh and 
saline waters. Pritchard (1967) defined estuary as II a 
semi-enclosed coastal body of water which has a free 
connection with the open sea and within which sea water 
is measurably diluted with fresh water derived from �and 
drainage". 
The hydrodynamic characteristics of an estuary 
are usually complex and unpredictable. This is due to 
the oscillation of salinity, hydrographical and sedi­
mentological characteristics prevalent in this zone. The 
nature and volume of the terrestrial and riverine water 
input into the estuary can vary daily. 
Estuaries are usually bordered by marsh wetlands 
or mangrove swamps which are abundant in nutrients. Being 
a rich source of nourishment, the estuaries are usually 
very productive and are rich fishery nursery grounds. 
The estuaries being sheltered, usually form fine 
ports, and has helped to attract trade and industry to 
such areas over a period of time. These industries often 
discharge pollutants such as heavy metals into the river­
ine system. The estuaries act as receptacles for such 
pollutants and may affect the highly vulnerable aquatic 
resources. The pollutants may also pose hazards to human 
health if contaminated fish or shellfish, inhabiting such 
region are consumed. This was evident as shown by the 
outbreak of man-made epidemic Minamatta Bay disease in 
Japan, which was caused by consumption of mercury­
contaminated fish and shellfish. 
This incident brought about world-wide public 
concern and anxiety not only for mercury but also for 
other non-degradable and persistent heavy metals which 
may be accumulated in the food chains and ultimately 
consumed by human beings. 
In Malaysia, although some studies have been done 
on the distribution of heavy metals in Malaysian rivers 
such as Kelang River, no study has been conducted on the 
distribution and behaviour of heavy metals in Malaysian 
estuaries. 
Chan � �.(1978) had studied the level of 
eleven heavy metals in Kelang River and reported elevated 
levels of arsenic and mercury at certain parts or the 
river. The mercury content in fish in Kelang River 
estuary was studied by Chia and Tong (1981). 
There is a need to study the distribution of heavy 
metals in local estuaries especially the Kelang River 
estuary where the Kelang River is polluted. This study 
was therefore initiated: (i) to examine the heavy metals 
(copper, lead, mercury, zinc, iron , and manganese) 
�oncentrations in dissolved and particulate matter in the 
water column and "extractable" heavy metals in sediment; 
(ii) to ascertain whether the fish inhabiting this 
region is contaminated with heavy metals; and (iii) to 
compare the levels of heavy metals in water, sediment 
and fish with the values that have been reported in 
literature by various workers from different parts of 
the world. 
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II LITERATURE REVIEW 
A) General 
A heavy metal is usually considered to be an element 
having a density greater than 5 gcm
-3 
and an atomic number 
of more than 20 (Forstner and Wittmann,1979). The heavy 
metals can be divided into two categories, namely essential 
and non-essential elements. Essential elements are elements 
that are abundant in biota, with no or minor variation with­
in species. On their removal or depletion, there is appear­
rance of reversal deficiency symptoms which are induced by 
distinct biochemical defects. 
According to Schroeder and Darrow (1973), copper and 
zinc are essential elements while lead and mercury are non-
essential and toxic elements. Copper catalyses various 
oxidatibn-reduction reactions while zinc is involved in 
hydration-dehydration and hydrolysis reactions (Wood, 1975). 
The non-essential toxic elements can interfere with 
cellular biochemical reactions usually by interacting at 
prime binding sites such as sulphydryl groups in the enzyme 
systems. These toxic elements also compete with essential 
metals as enzymatic co-factors (Friberg, 1977). Essential 
elements can become toxic if the supply exceeds the optimum 
nutritional value. 
A number of significant incidents were reported on 
accidental consumption of heavy metals through food. An 
episode which attracted world-wide attention from scientific 
and epidemological point of view was the Minamatta Bay 
Incident (Saha and McKinlay,· 1975). 
The Minamatta Bay Incident has been described as 
neuropathia arising from the consumption of large quantities 
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of fish and shellfish having high methylmercury content i.e. 
27 to 102 ppm, dry weigh t (Takizawa, 1979; Saha and 
McKinlay, 1975). The first epidemic which occurred in 1953 
to 1960 claimed 1 21 patients with 46 deaths. The second 
epidemic in Niigata (1964 - 1965) claimed 5 deaths with 
initially 30 persons suffering from the disease (D'Itri and 
D'Itri, 1977). 
The other incident which increased the awareness of 
hazards on consuming contaminated aquatic food was when high 
content mercury was reported in aquatic food from Sweden 
which later led to the ban of the contaminated food. Similar 
high values of mercury were found in fish from Lake Clair 
and Lake Erie (Canada) in 1970. 
Cadmium poisoning which was initially observed in 
1974, was reported in Jintsu River, Japan, where 44 patients 
suffered from cadmium poisoning. This unsual disease which 
results in skeletal deformities was later called MItai-Itai" 
disease. It has been estimated that at least 10 0 deaths 
occurred due to this disease until the end of 1965 (Forstner 
and Wittmann, 1979). 
These incidents illustrate how aquatic food chains 
can effectively accumulate heavy metals from aquatic envi­
ronment and, resulting in contaminated food for consumers 
higher in the food chain. The effect can be enhanced in 
highly productive regions such as the estuaries, where 
there may be elevated heavy metals content from various 
sou r ces. 
B) Brief account on individual heavy metal 
i) Mercury 
Mercury (Quicksilver) is a non-essential, ubiquitous 
and highly toxic substance. It occurs in three oxidation 
states, namely 
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a) Metallic mercury (HgO) which is elementary, 
insoluble and most reduced form of mercury. It is a liquid 
at ordinary temperature but tends to vapourize. It is 
non-polar and capable of transversing membrane barriers. 
(WHO, 1976; Carty and Malone, 1979). 
b) Mercurous (Hg
+
) is an unstable, reduced ionic 
form. The mercury (I) compounds are formed from the di­
meric cations. Mercury (I) readily oxidized to mercury(II) 
by treatment of oxidizing agents. This form does not form 
covalent bonds with other elements (Krenkel, 1974). 
c) Mercuric (Hg2
+
) is a stable form which has a 
tendency to form covalent bonds (Krenkel, 1974). The 
mercury (II) halides have characteristics properties of 
covalent compounds such as low boiling point and high 
solubility in organic solvent relative to water. The 
solubility of Hg(Il) in water is low (0.02 to 0.03 mgl
-1) 
at 20°C' (Krenkel, 1974). 
Speciation of mercury: The principal forms of 
mercury existing in nature depend not only upon the redox 
potential and the pH of the solution,but also the nature of 
the anions and chemical species present which are capable 
of forming strong bonds. 
In an aquatic system, the higher valency mercury 
species predominate at more positive redox potential. At 
pH 5 to 9 and below Eh O. 45 mV, the principal forms of 
mercury species found in aerobic or anerobic system are 
Hgo and HgS (cinnarbar) (Gavis and Ferguson, 1972). Based 
on Hem's thermodynamic model, HgC12 and Hg(OH)2 are pre­
dominant species in a simple aerobic aquatic system. At 
low pH, HgC12 comples is predicted to be predominant while 
at higher pH, Hg(OH)2 is predominant. (Gavis and Ferguson, 
1972). 
In a moderate oxidizing condition, undissociated 
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mercury is the predominant species and had a solubility of 
-1 25 ).lgl 
In a very reducing environment, the predominant 
2-species predicted to be present are Hgo, HgS2 and 
7.-
Hg(SH)i . In the presence of sulphide, mercury precipitates 
as in soluble stable HgS but a pH above 8.5 and in aerated 
solution, it may go into solution as polysulphides (Gavis 
and Ferguson, 1972; Benes and Havlik, 1979). 
Hg(II) reacts with chloride ions, which are present 
in sea water, forming covalent complex ions like 
Hg
2+ + CI 
HgCI 
+ 
+ CI 
HgCl2 
+ CI 
HgCI; + Cl 
�HgCl 
+ 
�HgCI2 
�HgCI; 
- -2 �HgCl4 (Krenkel, 1974 ). 
The above reactions are important in studying the 
behaviour of Hg(II) in an estuarine ecosystem. In oxygenated 
highly saline waters, the Hg solubility may be enhanced by 
the formation of uncharged HgCl2 or anionic complexes such 2-
as HgCl3, HgCl2 and HgOClO whose concentrations depend on 
the chloride concentration and pH. 
Organometallic Mercury Derivatives: Organometallic 
mercury (II) compounds are usually prevalent in aqueous 
environment and they constitute bulk of mercury transferred 
along the food web. The common organometallic mercury 
derivatives are mono- and di- organomercury (II) compounds. 
Mono-organic mercuric salts, RHgX, resembles the corres­
ponding inorganic mercuric salts in their properties and 
reactions (Krenkel, 197 4 ). 
Methylmercury forms extremely stable complexes with 
anionic sulphydryl or thiol groups which can lead to im­
pairment of sulphydryl-dependent processes, thus leading 
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to its toxicity (Carty and Malone, 1979). Methylmercury 
is very mobile in animal's body (Carty and Malone, 1979). 
The formation of methylmercury compounds in the 
estuarine zone depends on the pH and chloride concentra-
+ 
tion. At low chloride concentratio� CH3Hg predominates 
while at a higher chloride concentration, CH3HgCl predo­
minates. 
Methylation of Mercury: In an aqueous environment, 
the different mercury species which are present are ulti­
mately converted to methyl mercury by process of methyla­
tion. Jensen and Jernelov (1969) reported that micro­
organisms are able to produce mono- and dimethyl mercury 
in aquatic sediment. The methylation of inorganic results 
in the release, upward movement and subsequent cycling of 
volatile mercury form (Aston � �., 1973). 
The efficiency of methylation depends on microbial 
activity, the concentration and bioavailability of mercury 
which in turn depends on redox potential, pH, presence of 
sulphide and other chelating agents (Beijer and Jernelov, 
1979). 
The most favourable conditions for methylation is the 
oxidizing-aerobic regions of sediment where the pH range is 
6 to 8 while the Eh is in the range of -0. 2 to 0.4V(Andren 
and Nriagu, 1979). 
The end products of methylation are determined by the 
pH. At neutral or acidic condition, monomethyl mercury 
predominates while in basic environment, dimethyl mercury 
predominates (Beijer and Jernelov, 1979). 
In a highly reducing environment, where sulphide is 
present, the inorganic mercury is immobilised as mercuric 
sulphide. Thus, there is drastic decrease in methylation 
as sulphide begins to form ( Fagerstrom and Jernelov, 1974; 
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Gavis and Ferguson, 1972). 
ii) Copper 
Copper exhibits mono- and divalency. It forms simple 
water-soluble cation salts. It also forms strong complexes 
with sulphur and nitrogen-containing ligands. 
2+ 
In seawater, the free Cu (aq) is only a small 
fraction (about 1%) of the total dissolved copper (Boyle, 
1979). The major species found in the seawater are 
Cu(OH)Cl and Cu(OH)2 (Boyle, 1979). 
In the interstitial waters of estuarine sediment, 
cuprous sulphide (Cu2S) predominates at low pE but on 
increase of pE, cupric sulphide (CuS) is the more stable 
form. As the pE increases to above -4.3, the stable phase 
is again cuprous sulphide (Leckie, 1979). 
iii) Lead 
Lead is stimulating and oncogenic element and it is 
not essential for mammals (Venugopal and Luckey, 1978). It 
has been considered to be the largest contaminant in the 
environment (Schroeder and Darrow, 1973). 
Lead resembles the divalent alkaline Group metals in 
its chemical behaviour more than its own Group, IVA. It 
differs from the Group IIA metals in its poor solubility of 
its salts such as hydroxides, sulphates and halides 
(Forstner and Wittmann, 1979). 
Lead exhibits the valencies of +2 and +4 with valency 
+2 being more stable. The valency +4 is exhibited by 
organometallic lead compounds. 
Majority of the lead ions in natural waters are 
associated with suspended and colloidal matter. In oxy-
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g e n a t e d  s e a  w a t e r , l e a d  o x i d e  s e em s  t o  b e  t h e  m o s t  s t a b l e  
f o rm o f  s o l i d l e a d  ( C how , 1 9 7 8 ) . I n  s e a  w a t e r  h av i n g  p H  
b e t w e e n  7 t o  9 ,  l e a d  ma i n l y c o mp l exe s w i t h  C O � - a n d  t o  a 
l e s s e r  e x t en t  w i t h  CI A t  p H  va l u e s  nearer t o  7 ,  b o t h 
P b C 0 3 a n d  P b C I + s p e c i e s  a r e  p r e s e n t  i n  e q u a l  amo un t s  b u t  
a s  t h e  p H  i n c r e a s e s , t h e  pr e d om i n a n t  s p e c i e  i s  P b C O ; 
( C h o w , 1 9 7 8 ) .  
I n  a n  a n e r o b i c  r e d u c i n g  e nv i r o nme n t , m o s t  o f  t h e  
d i s s o l v e d  l e a d  p r e c i p i t a t e s  a s  i n s o l u b l e  l e a d  s u l p h i d e  ( P b S ) . 
i v ) Z i n c  
Z i n c  i s  o n e  o f  t h e  m o s t  u b i q u i t o u s o f  a l l  t h e  e s s e n -
t i a l  t r a c e  e l eme n t s .  I t  i s  t h e  7 t h m o s t  a b u n d a n t  e l emen t 
o n  e a r t h  w i t h  c o n c en t r a t ion o f  6 5  p pm i n  t h e  e a r t h c r u s t . 
I t  e x h i b i t s  a v a l e n c y  o f  + 2 a n d  f o rm s  s t a b l e ,  w a t e r  s o l u b l e  
s a l t s b u t  a t  a h i g h e r  pH , i t  f o rm s  i n s o l ub l e  Z n ( OH ) 2 ' 
Z i n c  r e a d i l y  f o rm s  s t r o n g  c omp l e x e s  w i t h  c h l o r i d e , 
c y s t e i n e , f u l v i c  a c i d  a n d  s u l p h i d e . I t  a d s o r b s  s t r o n g l y  
o n t o  f e r r i c  h y d r o x i d e , s i l i c a , a l umi n a , m a n g a n e s e  d i o x i d e  
a n d  c l ay m a t e r i a l  ( Yo u n g  e t  � . , 1 9 8 0 ) . 
I n  s e a  wa t e r , z i n c  c a n e x i s t  i n  d i s s o l v e d  f o rm ( a s 
f r e e  i o n s  o r  d i s s o l v e d  c o mp l ex e s ) , s o li d p r e c i p i t a t e  f o rm 
o r  a d s o r b e d  o n t o  p a r t i c u l a t e s . T h e  p r e d om i n a n t  s p e c i e s  
. 2+ + + p r e s en t  In s e a  w a t e r a r e  Z n  , Z nO H , Z n C 0 3
, Z n S 0 4 a n d  Z nC I  
I n  a r e d u c i n g  e n v i r onme n t , b i s u l p h i d e s  o r  p o l y s u l p h i d e s  
c omp l e x e s  a r e  t h e  p r e d o m i n a n t  f o rm s  o f  z i n c . 
C )  S t u d i e s  d o n e  o n  d i s t r i b u t i o n  o f  h e avy m e t a l s i n  
e s t u a r ies 
T h e  h e avy me t a l  p o l l u t i o n  in t h e  e s t u a r i e s  t h r o u g h -
o u t  t h e  w o r l d  h a v e  r e c e iv e d  mu c h  a t t e n t i o n . I n  B r i t i s h  
e s t u arie s , nume r o u s  s t u d i e s  h a v e  b e e n  c o n d u c t e d  o n  t h e  
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d i st r i b u t i o n  a nd b eh a v i o u r  of h e avy m et a l s . B u r t o n  a nd 
L e ath e r l and ( 1 97 1 )  h ad e x am i n ed t h e  m e r c u ry c o n c e nt r at i o n  
i n  t h e  r i v e r  and s e a  w at e r s  a r o und S o u t h amp t o n  and E n g l i s h 
C h a nn e l , w h i c h  v a r i ed b e t w e e n  0 . 014 t o  0. 021 p g l
-l . 
Abdu l l ah and R oy l e  ( 1 97 4 ) a n a ly s ed t h e  d i s s o l v ed a nd 
p a r t i c u l a t e  t r a c e  e l e m e nt s  i n  t h e  B r i st o l C h a n n e l wh i c h  
i n c l ud ed t h e  S e v e r n  e s t u a ry a nd S w a n s e a  B ay. C l i f t o n  a nd 
V i v i a n ( 1 975 ) s t ud i ed t h e  m e r c u ry c o nt e nt s  i n  t h e  s ed i m e n t  
o f  S w a n s e a  B ay ( S o ut h  W a l e s  C o a st )  w h e r e  a c h l o r o - a lk a l i  
p l a n t  r e l e a s ed s m a l l  amo u n t  o f  m e r c u ry i nt o  t h e  b ay .  T h ey 
f o und h i g h  c o r r e l at i o n b et w e e n  t h e  m e r c u ry c o n t ent , o r g a n i c  
m a tt e r  and mud f r a c t i o n . B u t  t h ey c o n c l ud ed t h at t h e  b ay 
w a s  not p o l l u t ed a s  t h e  ty p i c a l  m e r c u ry r a n g e  w a s  f r om 5 
- 1  t o  1 0  p g l . 
T h e  me r c u ry c o n t e n t  i n  M e r s ey e st u a r i n e  s ed i m e n t  
w a s  s t ud i ed by C r a i g  and M o r t o n  ( 1 976 ) .  T h ey r e p o r t ed a 
m e a n  v a l u e o f  2 . 2 3 p g g
- 1  
m e r c u ry i n  t h e  s ed im e nt . T h i s  
e st u ary r e c e i v ed d om e st i c  s e w a g e  a nd i nd u s t r i al w a st e s. 
J a f f e  and W a lt e r s  ( 1 977 ) r e p o rt ed h i g h  t r a c e  e l ement 
c o n c e n t r at i o n s  i n  th e i nt e rt id a l s ed i me n t  o f  t h e  Humb e r  
e st u a ry . L a t e r , B a r t l e t t  � �. ( 1 978 ) e x am i n ed t h e  l e v e l  
o f  m e r c u ry and m e t hy l m e r c u ry i n  p o l l u t ed B r i t i s h  e st u a r i n e  
s ed im en t w h i c h  i n c l ud ed t h e  R i v e r  M e r s ey e s t u a ry and F i rt h  
o f  C lyd e a r e a  i n  S c ot l a nd .  T h e  to t a l  m e r c u ry l e v e l  i n  
s ed i m e n t  r a n g ed f r o m  0 . 4  t o  4 4  p g g
-1
. B e l l i n g e r  a nd B e n h a m  
( 1 978 ) stud i ed t h e  l e v e l  o f  c o p p e r , l e ad ,  t i n  and z i n c  i n  
s ed i m e n t  o f  t h e  en c l o s ed d o ck-b asins at �iver p o o l , T i l b u ry 
a nd M a n c h e s t e r. 
E ld e r f i e ld � ala ( 1 979 ) s t ud i ed t h e  z i n c  l e v e l s  i n  
C o n w ay R i v e r  and it s e st u a ry . T h e  d i st r ibu t i o n  o f  e l e v e n  
m e t a l s  i n  t h e  h i g h l y d e v e l o p ed e st u a r i e s  o f  Ty r e ,  T e e s  and 
H umb e r  w e r e  d o n e  by T ay l o r  ( 1 9 7 9 ) .  T h e s e  r i v e r s  d r a i n  i nt o  
t h e  N o r t h  S e a. T ay l o r  ( 1 979 ) o b s e r v ed t h at g e o l o gy o f  a n  
a r e a  w a s  a mo r e  im p o r t a n t  f a c t o r  t h a n  th e i nd u st r i a l  i n p ut 
i n  d e c id i n g  t h e  h e a vy m e t a l  c o nt e nt s  i n  s ed i m e n t. 
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Millwa r d  a n d  H e r b e r t  ( 1 9 8 1 ) a n a l y s e d  t h e  ir o n , m a n ­
g a n e s e  a n d  m e r c u r y  c o n t e n t s  in t h e  P l ym Rive r  e s t u a r y  whi c h  
r e c eiv e s  b o t h t h e  ind u s t ria l a n d  d om e s tic w a s t e s . T h e  me r -
c u r y  c o n c e n t r a t io n ln t h e  s e dim e n t  r a n g e d  f r o m  0 . 1 8 t o  2 . 6 1 
- 1  
pg g  R a e  a n d  A s t on ( 1 9 8 1 )  s t u d i e d  t h e  l ev e l  o f  m e r c u r y  in 
M e r s e y  a n d  Wy r e  e s t u rie s . Wy r e  e s t u a r y  r e c eiv e d  two  in p u t s  
o f  c o n t amin a t e d e f f l u e n t s . O n e  w a s  t h e  c h l o r o a l k a l i f a c t o r y 
a n d  t h e  o t h e r  l o c a l is e d  m e r c u r y  c o n t amin a tio n . T h e  s e dime n t  
- 1  a t  M e r s e y  a n d  W y r e  c on t ain e d  0 . 1  t o  8 . 8  �g g a n d  0 . 1  t o  
- 1  2 9  ug g m e r c u r y  r e s p e c tiv e l y . 
O t h e r  s t u di e s  o n  E ur o p e an e s t u a rie s w e r e  o n  t h e  Riv e r  
Rhin e e s t u a r y . D uin k e r  � �. ( 1 9 7 4 )  s t udied  t h e  b e h avio u r  
o f  c o p p e r , z in c , ir o n  a n d  m an g�ne s e  in t h e  D u t ch W a l d e n  S e a . 
D uin k e r  a n d  N o l t in g  ( 1 9 7 7 , 1 9 7 8 )  a g ain s t u d i e d  t h e  d is s o l v e d  
a n d  p a r t ic u l a t e  t r a c e  m e t a l s  in t h e  Rhin e e s t u a r y  a n d  t h e  
b eh avio u r  o f  mixin g , r em o v a l  a n d  m o b i l i z a tio n o f  t r a c e  e l e -
m e n t s  in t his  e s t u a r y . Duin k e r  a n d  N o l ting ( 1 9 7 7 ) m e a s u r e d  
t h e  c o n c e n t r a t io n o f  dis s o l v e d  c o p p e r , z in c , c a dmium in 
S o u t h e r n  B ig h t  o f  t h e  N o r t h  S e a  a n d  c omp a r e d  t h em wit h t h e  
l ev e l s  in t h e  c o a s t a l  r e gi o n s  u n d e r  t h e  in f l u e n c e  o f  t h e  
Rhin e a n d  S ch e l d t  riv e r s .  
I n  Americ a ,  An d r e n  a n d  H a r ris s ( 1 9 7 3 )  s t u d i e d  t h e  
l ev e l  o f  me t h y l m e r c u r y  in t h e  e s t u a rine s e d im e n t  o f  M o bi l e 
B a y , Mis sis s ip p i  Riv e r  a n d  E v e r g l a d e s . T h e  me r c u r y  c o n t e n t  
- 1  in t h e  s e dime n t  r a n g e d  f r o m  8 0  t o  6 0 0  n g g  L a t e r , Lindbe r g  
a n d  H a r ris s ( 1 9 7 4 ) r e p o r t e d a me r c u r y  l ev e l  o f  0 . 2 2 t o  1 . 6 2 
p p m  r a n g e  in t h e  in t e r s titia l w a t e r s  a n d  s e dime n t  o f  F l o rid a 
Ev e r g l a d e s  a n d  M o bi l e B a y  e s t u a r y . F it z g e r a l d  a n d  L y o n s  
( 1 9 7 3 )  c om p a r e d  t h e  o r g anic a n d  ino r g a nic m e r c u ry i n  t h e  
c o a s t a l w a t e r s  a n d  a d j a c e n t  w a t e r s  i n  t h e  vicini t y  o f  L o n g  
I s l an d  S o un d . W a l d h a e u r  � � .  ( 1 9 7 8 )  s t u died c o p p e r  a n d  
l e a d  l ev e l s  i n  h e avil y u r b anis e d  a n d  in d u s t r a l is e d  R a ri t a n  
Riv e r  a n d  A r t hu r  Kil l e s t u a r y whic h d r ain s in t o  R a rit a n  a n d  
L o w e r  N e w  Yo r k  B ay . T h e  c o n c en t r a tio n o f  c o p p e r  a n d  l e a d  
- 1  - 1  w a s  6 5  �g l a n d  13 . 9  �gl r e s p e c tiv e l y . B ew e r s  a n d  Ye ats 
( 1 9 7 8 )  examin e d  t h e  dis t rib u tio n a n d  b eh a vio u r  of ir o n , 
m a n g a n e s e , c o b a l t ,  nic k e l , c o p p e r a n d  z in c  in U p p e r  S t . 
Law r enc e  Riv e r  e stuary. Menon et al. (1979) studied the 
trac e  e l e ment s  r el e a s e d  from the estuarine sediment of 
South Mo squito Lagoon n e at K enn e d y  S p ac e C ent r e .  M e y e r son 
�� . (1981) ana l y s e d th e bottom e s tua rine s e dim ent o f  
po l l ut e d  N e wa r k  Bay, N e w  J e r s e y f o r  zinc, l ead, ca d mium 
an d m e r cu r y . Th e m e r cu r y  conc entr ation wa s in th e 0.3 to 
31 p p m range . 
Some h eavy m eta l s in th e coa sta l riv e r s  and e stua­
r i e s aroun d  th e Bay o f  Benga l w e r e  stu di e d  b y  B raganca an d 
S an z gi r y  (1980). Th e d i s so l v e d  iron in s ea wat e r  wa s r e­
-1 porte d to b e  in 6.3 to 131.5 pg l rang e . T h e a v e rag e 
-1 
conc entration o f  d i s so l v e d  cop p e r  wa s 4.9 pg l and d i s s o l -
-1 v e d  z inc range d f rom 2.4 to 20.0 pg l . 
I n  Au stra l ia, B l oom an d A y l ing (1977) cond uct e d  a 
com p r e h en s i v e  stu d y  o f  cad miu m, c h r omi um, cop p e r ,  i r on, l ead, 
mangan e s e, m e rc u r y, nick e l  and zinc in f i l t e r e d  wat e r , s u s­
p end e d  matt e r, s e diment, f i s h, air bo rne pa rticu l at e s and 
s e wage in D e r w ent Riv e r  e stua r y .  D e rw ent Riv e r  i s  on e o f  
th e mo s t  po l l ut e d  riv e r s  a f f ect e d  b y  m eta l l ugica l wa s t e s ,  
raw and par t l y  tr eat e d  s e wag e e f f l u ent s . 
Not much wo r k  h a s  b e en r e p o rt e d  on th e h eavy m e ta l  
content in aquatic biota f rom e s tuarin e  r egion . Po rtmann 
(1972) a s s e s s e d th e p r e s enc e o f  c e r tain h eav y m eta l s l ik e  
ca d mium, cop p e r, l ead, m e rcu r y  an d z inc in coa s ta l wat e r  
f i s h e s  in vicinity o f  Eng l an d  and Wales . Topping (1973) 
s t u d i e d cop p e r, z inc, ca d mium and l ea d  cont ent s in fo u r  
com m e rcia l f i s h  s p eci e s  co l l ect e d  f rom Scotti s h  wat e r s  
w hich inc l u d e d  a h eavi l y po l l ut e d e stuar y, Fi rth o f  C l y d e, 
an d r e l ativ e l y  unpol l ut e d  r egion s o f  S cot l an d  l i k e  O r kn e y  
and S h e t l and . 
Whar f e  an d Van D en B r o e k  (1977) had ana l y s e d  z inc, 
m e rcu r y , co p p e r , l ead an d ca d mium in macro -inv e r t e b rat e s  
and f i s h f rom M e dway e s tua r y, Eng l and; w hi l e Za u k e  (1977) 
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